Nonreceptor Protein-Tyrosine Kinases in Neutrophil Activation
Nonreceptor protein-tyrosine kinases are involved in the regulation of almost all neutrophil responses such as adhesion, chemotaxis, priming, oxidative burst, and degranulation. Here, we show that phagocytosis is also regulated by protein-tyrosine kinase activity. Using various protein-tyrosine kinase inhibitors, we further demonstrate that opsonized zymosan-induced degranulation of specific and azurophil granules is regulated by protein-tyrosine kinase activity, whereas phorbol ester-induced degranulation is not. Several of the nonreceptor protein-tyrosine kinases involving in neutrophil signal transduction are known, including Fgr, Hck, Lyn, Yes, and Syk. Among these, Hck and Fgr are localized on the azurophil and specific granules, suggesting the involvement of these two protein-tyrosine kinases in the regulation of degranulation. In this report, we characterize some of the molecular properties of Hck and Fgr. We discuss the methods generally used for the measurement of protein-tyrosine kinase activities in neutrophils highlighting precautions against proteolysis. In addition, we show that in subcellular fractions of retinoic acid-differentiated neutrophil-like NB4 cells, the 59- and 61-kDa forms of Hck are attached to the membranes of their respective compartments by different mechanisms. Finally, we discuss the functional roles of protein-tyrosine kinases in the regulation of neutrophil activation and speculate on the importance of their subcellular localization.